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In view of the suggested importance of lateral mixing, C.=G. ROSSBY has
given particular attention to the dynamics of the jet stream and its applications
in meteorology and oceanography. ~But the conception of the absolute vorticity is
often confused by several authors.(l-The present author intends to give particular
attention to the horizontal componeflt of the total vorticity, as well as the so-called
“absolute Vorticity’; which ﬁormally means the component about the vertical of the
total vorticity. '

If we take a convinient set of axes of coordinates as follows :

x: horizontal and drawn to South,
y: horizontal and drawn to East,
z: vertical.

Let u, v, w, be the component velocities along these three axes, and &, », ¢

be the component vorticities along these three axes.

Then
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The well-known vorticity equations for barotropic fluid become’
(1) E+(§ 2wcos 0) B — {(E —2wCos 0)~+7)a +(é’+2msm (D)— } 0,
(2) dn+77 6 | {(E 2wcos @)———M Y 4+ (¢ +2wsin 0), }
) g dt ‘oy ’
(3) —]-(Z+2cos1n D) @—1(5 —2wc0s q))@ig—}-na + (£ +2wsin 0) } =0,

where t is the tlme, o the angular veloeity of the earth’s roatiop, @ the latitude
.supposed to be constant and e :
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V;These -expressions nave been given by Th HESSELBERG. and A FRIFDMANN(Z).
The equatijon of contmulty may be written in the form
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where p is the density. " Upon substituting the expression for in Eqs. (1), (2) and
(3), it follows that

(4) p s (5_2;’0_05‘”) {(g 20005 0) 2% *’73 + (¢ +2asin 0)2 } ,
(5) p—:;t—<—z—) {(5 20c0s 0) 2 +”a F(E+2 sm(m___} )
(6) P (é‘_ﬂL_Z%s_;_rQ) {(é‘ —2mcos B) r——+77§§9+(5-r2wsm (D) }

For the convinient purpose, let the wind be oriented in the fixed dlrectlon at an
‘angle B8 with the direction to South, at every level. Then we get the relation
(7) V=u cosB+vsinB,
{(8) 0=—usinB-+v cospB,
where V is the wind speed.
Upon multiplying (5) with cos@ and (4) with-sin@, and substractlon, it is found
that

0— (E zwcosa ) ( SII]‘JG) i 1; c SIG
or

(9) (& —2wcos0) (—sinB) +7 - cosB = const.
| P ’
where 7 - cosﬁ'- (E—2wcos®)sin B is the horizontal component of the total absolute

vorticity along the normal to the direction of wind. Although this vorticity com~
ponent changes with ‘the density of the layer, the expression (9) remains constant
during the ascending motion or the descending motion. Thus, if the air is brought
to a standard density p,, the resulting vorticity 7,-cosB—(£p—2wcos?) - sin8 may
be considered as a charactenstlc, conservative property. The actual determination

of the vorticity is of course difficult in view of the unrehablhty of the wind obser-
ations. Taking account of the order of magnitude, we can brleﬂy put as follows.

7 - cosS— (’g‘—Zm cos (Ii) smﬁw—z

so Eq. (9) is reduced te

(10) 9 / p=const,  or ( ) V) /po.

I‘huS, if the air is brought to a standard den51ty Po by ascendmg or descendmo'

motmn., the resalting shear (%g)o may be considered as a characte1lst1c, conserv-

ative property, of which the terminology “potfential shear” may be used.*

~ In extra-tropical region, the problem of wind-shear can not be understood
without taking account of the thermal-wind law or the baroclinic condition.
So the suggested conservative property, potential shear, will hold in the tropical
ré‘gion only. '

* The above relat’on (9) or (10) may be obtained in another way. We take a set of the sphe-
rical polar coordinateg as follows :
7+ the radius,

b the geocentric latitude,
A the longitude.
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LetV (v, vg, 1) be the component velocities along these three axes. where y, is conven-
iently assumed to be zero. The relative vorticity @ along the b— dirsction may be writte
as*

:%.ryﬁ—._ av" L
or 7 7COSPOA.
The vorticity equation in spherical polar coordinates can be written in the form

wd

:?{‘ (08+20c08 ) + (wp-+ 20c0s$) 6 _v; (¢ + 2wc0sd) =20,

where
6 =divV.
The equation of continuity may be written in the form
. dp
.6=0.
at TP

Thus the equation of vorticity changes into

dr

Pai ) - 7(m¢+2mcos¢t) =0,
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.1 . _idﬂ('a)¢+2w005¢>_id_t«=0
v('~(.)¢,+2(1)COS(I)) dt P r )
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If follows that
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which is the a{lterna;ive; proof of the relatiors (9) and (10) for the zonal circulation in the
barotropic atmosphere. ‘
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